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* NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1675

TEMPERATURE GRADIENTS IN THE WING OF A HIGH-SPEED
ATRPIANE DURING DIVES FROM HIGH ALTITUDES

By Thorval Tendeland and Bernard A. Schlaff

SUMMARY

Flight tests were undertaken to lnvestigate the temperature
gradients in the wing structure of a typical high-speed fighter
alrplane caused by rapld changes in surface temperatures. The teats
consisted of measuring the temperatures of the structure throughout
the wing during dives of the alrplane from 35,000 to 5,000 feet, at
rates of vertical descent up to 225 feet per second. The data are
presented in the form of tables of the neasured temperatures and
plots of the temperature change of typical parts of the wing struc—

ture during the dives.

The tests showed that temperature gradients which are produced
in an aircraft structure as a result of sudden changes 1n surface
temperature are essentially a transient condition and, therefore,
are determined mainly by the relative size of adjacent structural
members, the thermal bond between these members,and the rate of
change of surface temperature. Predicted and measured temperature
differences between a spar cap and the adjacent skin in dives showed
good agreement, and it is believed that the method used for
predicting temperature gradients may be epplied to other airplanes
and dive conditions. Computations were made to show the effects
of increases in (1) the rate of descent, and (2) structural mass
distribution (thermal capacity) on the temperature distribution for
dives at higher speeds. It was shown that a structural design
employing a thin wing skin attached to a heavy spar cap is conducive
to severe temperature gradients.

Exploratory calculations were made of the stresses resulting
from temperature gradients. In spite of the fact the prediction of
thermal stresses corresponding to observed temperature gradients is
difficult and probably inaccurate at the present time because of the




NACA TN No. 1675

lack of information on thermal stresses for typical aircraft
construction, the calculations indicate that: (1) For airplanes
similar to the test airplane, operated at approximately the test
conditions, thermal stresses will be of minor importance; (2) the
increased structural sizees required for higher performance alir-—
planes will alleviate the thermal stress prcblem; and (3) the
importance of the thermsl stress problem depends upon the specific
case.

INTRODUCTION

With the advent of aircraft capable of flight in the transonic
and supersonic speed ranges, several new problems are added to the
field of structural design. One of these problems, which is the
subJect of this investigation, is the determination of the magnitude
of thermel streeses which cccur as a result of temperature gradients
in the eirplane structure. - These temperature variations in the
structure are the result of subJjecting the outer surface of the
airplane to rapidly changing temperature conditions which accompany
dives from high altitudes, or by changes in the amount of friction
heating produced by large changes in speed.

Both an increase in alrplane speed and an increase in ambient—
air temperature tend to ralse the temperature of the boundary-layer
air. The outer surfaces of the fuselage and the wing can be expected
to react quickly to this change in temperature, since both the
fuselage and the wing represent bodies of limited heat capacities
with large surface areas in intimate contact with the boundary-—
layer air. In the case of the ribs and spars, however, it is
obvious that the reection to a change in boundary-layer temperature
would be more sluggish, with the result that transient temperature
gradients in the structure would exist for a short period of time.
Since these temperature gradients are of a transient nature, the
magnitude of the temperature differences will be determined by both
the rate of change of the boundary—layer temperature and the over-all
change in temperature of the boundary—layer air. Of the two condi—
tions, the rate of change of the boundary-layer temperature can be
expected to have as great, if not greater, influence on the
magnitude of the temperature gradients.

Although it is readily evident why and how these temperature
gradients can occur, the problem 1s to determine the conditions
under which these gradients will reach sufflcient magnitude to
produce thermal stresses requiring consideration in the structural
design. The purpose of this Investigation was to measure the
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magnitude of the thermal gradients in the wing of a typical high-—
speed fighter airplane during dives and to provide & basis for the
prediction of the gradients to be anticipated in aircraft of higher
performance. '

Methods for calculating the temperature rise of a surface in
high—speed flight are presented in references 1 and 2. These
procedures are not directly applicable to present day aircraft
structures unless some reasonable assumption can be made for the
flow of heat into the interior of the structure.

Correlation between observed or estlmated temperature gradients
and the resultant thermal stresses is very difficult because of the
limited test data available on the subject and because of the fact
that the intricacies of an aircraft structure are not readily
amenable to the analytic approach. Flight measurements of thermal
stresses in a wing caused by operation of a thermal ice—prevention
system are presented in reference 3. The results of reference 3
have been used in this report to predict the pattern of the thermal
stresses which would be induced in the wing during a dive.

The flight tests were conducted at the Ames Aeronautical
Laboratory, Moffett Fleld, Calif.

DESCRIPTION OF EQUIPMENT

The alrplane used to conduct the tests is shown 1n figure 1.
A gketch of the wing construction is shown in figure 2. The wing
is of all-metal stressed—skin construction with the main spars
located at 20 percent and 52 percent of the wing chord. An
auxiliary spar is located at 75 percent of the wing chord. The
gkin is heevily reinforced between the two maln spars with extruded
T and H sections on the upper surface and with angle sections on
the lower surface. Aft of the 52-percent—chord main spar, and on
the nose section, the skin is stiffened in a chordwise direction
with corrugated sheets.

To investigate the temperature lag of the structure adjacent
to large masses cf cold fuel, an integral fuel tank was built into
the right wing of the airplane. The fuel tank was bounded by the
20—percent and the 52-percent spars, the upper and lower surfaces
of thg wing, and by specially installed solid ribs at stations 141
and 16k, '
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DISCUSSION . s
Tempersature Gradients

The temperatures of representative components of the wing
structure during the dives are shown in figures 5 to 9. Figure 10
presents the chordwise distribution of the surface temperature at
the termination of the three dives. The data for these figures
were teken from table I. Curves of stagnation temperature (free—
air temperature plus full kinetic temperature rise) have been added

to figures 5 to 9 for comparative purposes.

The curves of figures 5 to 9 indicate that, in general, the
time at which the maximum temperature difference occurred wasg
during the pull—out from the dives or shortly thereafter. As a
result of this condition,it is evident that the induced thermal
stresges would be a maximum when the stresses from asrodynamic
loads would be large. As might be expected, since temperature
gradients in the structure are a result of thermal lag, the curves
show the temperature differences to be a function of two factors:
namely (1) the rate of descent of the airplane, which is the primary
factor controlling the rapidity of the temperature changes imposed C .
on the airplane surfaces; and (2) the distribution of mass in the
structure, which results in differences in thermal capacity of

ad Jacent parts.

The influence of the rate of descent on the structural tempera—
ture differences is indicated by the observed maximum temperature
differences between the lower flange of an H section and the skin,
as shown in figure 6. This figure shows that for average rates of
vertical descent of T3, 150, and 225 feet per second, during which
an over—all ambient temperature change of approximately 125° F was
imposed on the airplane in 6.8, 3.3, and 2.2 minutes, respectively,
the resulting maximum temperature differences were 20°, 250, and
37° F, respectively. From a consideration of the extremes, it is
evident that tripling the rate of vertical descent almost doubled
the temperature difference. As shown in filgure L4, the kinetic
heating, as represented by the difference between the ambient-air
temperature and stagnation temperature, was of minor importance in
comparison with the change in the amblent-air temperature. The maximum
kinetic temperature rises were of the order of 35° to LOC F, as
compared to the 125° F temperature change resulting from change of
altitude.

The effect of mass distribution (variation of thermal capacity)
on the temperature gradients can be obaserved by a study of figures
5 to 10, which present the following combinations:
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layers of paint on the surface of a high-—speed airplane or
missile have been shown to have an appreciable effect on the rate
at which the temperature of the surface under the paint approaches
the tomperature of the boundary-layer air. To investigate this
effect, a layer of paint approximately 0.046 inch thick was applied
to the left—wing surface at station 112. This heavy coat of paint
gimulates a filler which might be used on future high-speed aircraft
to obtaln surface smoothness.

The locations of the thermocouples throughout the wing structure
are shown in figure 3. Selection of the thermocouple locations was
based on anticipated tempsrature differences occurring as a result
of lag in heat flow across the main structural members and as a
result of differences in masses of adjacent components of the
structure. The thermocouples used to measure skin temperatures
were strip-type iron-constantan thermocouples rolled to a thickness
of approximately 0.002 inch, These thermocouples were cemented to
the skin and then sprayed with a thin layer of paint to obtain a
smooth surface. In the case of the thick layer of paint on the
left wing at station 112, a thermocouple was installed on each side
of the paint layer (fig. 3(e) ). For the internal structure of the
wing, strip and rivet—type thermocouples were used., The rivet
thermocouples were imbedded in structural rivets.

All temperature readings of the structure were recorded with
two self-balancing potentiometers. Standard NACA instruments were
used to measure airspeed, free—air temperature, and altitude.

PRECTISION OF MEASUREMENTS

An exact determination of the over-all accuracy of the tempera—
ture measurements was not possible, due to the effect of lag in the
thermocouple response when measuring rapidly changing temperatures.
However, this effect is believed to be small. Of the most interest
are the temperature differences between two or mores components of
the structure as recorded at a given time. The effects of lag in
determining the tempsrature differences would be of minor importance,
gsince each temperature measurement would lag approximately the same
amount, Validity of indication of the two types of thermocouples
was checked by installing both types of thermocouples at approxi—
mately the same location on the skin. Both types of thermocouples
iIndicated temperatures within 1° F of each other throughout the
dive tests. The accuracy of the indication of the potentiometers
was checked during the dive tests by recording a known reference
temperature. This error was found not to exceed +20 F,
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Ambient—air temperatures were evaluated from data taken at
intervals of level flight during the ascent of the airplane. This
was necessary because of an appreciable lag in the installation to
measure free—air temperature during the dives. The corrections to
the free—air—temperature measurements for kinetic heating were
evaluated from a flight calibration of the free—air-temperature
installation. The values presented for amblent—air temperature are
estimated to be accurate to x4° F,

The airspeed measurements were corrected from a flight
calibration of the alrspeed installation. The airspeed data are
considered accurate to £1-1/2 percent.

TEST PROCEDURE AND RESULTS

For each dive test, the alrplane was climbed to 35,000 feet
pressure altitude, with readings of ambient—air temperature being
recorded by the pilot at intervals of 5,000 feet. At 35,000 feet
the airplane was cruised at an indicated airspeed of about 150 miles
per hour for 15 minutes to allow the structure to achieve an equi-—
librium temperature. The pilot then started the recording instru—
ments and dived the airplane to a pressure altitude of 5,000 feet.
During each dive, an attempt was made to hold the rate of vertical
descent approximately constant throughout the dive.

Time histories of true airspeed, altitude,and free-alr
temperature during four representative dives are shown in figure L,
The free—air—temperature data presented are corrected for kinetic

heating.

The temperatures of the structure as measured during the four
dives of figure 4 are presented in table I. A different value of
time must be presented for each temperature because the recording
instrument selected the thermocouples in rotation. The letters
preceding the thermocouple numbers in table I correspond to the type
of thermocouple as designated in figure 3. The discontinuities in
the numbering system in teble I are the result of omitting thermo-
couples which failed during the tests and of omitting thermocouples,
the locations of which were not considered of sufficlent importance
to include in the report. The date as presented in table I during
flight L4 include only temperatures as measured for the fuel and the
gtructure surrounding the fuel. These date were included because
this was the only flight for which temperatures were obtained for
the fuel at the center of the fuel tank.
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Skin and stiffener (fig. 5)

Skin and former (fig. 6)

Across a rib (fig. 7)

. Spar cap and spar web (fig. 8)

. Fuel and structure of fuel tanks (fig. 9)
. Skin and spar cap (fig. 10)

N\ =W O

On the test airplane, the maximum—temperature differences
occurred between the skin and the spar caps (fig. 10). The dips in
the curves at the spar locations indicate clearly the thermal lag
aggoclated with surface areas connected to large masses. The curves
for thermocouples S1 and M2 in figure 8 show that the rates of
temperature rise of the inner and outer surfaces of the spar cap at
the 20-percent chord are almost identical, indicating good heat
transfer from the surfaces. Because of the mass of the spar caps,
however, the temperature lags behind that of the adJjacent skin
by some 30° to 40°, as shown in figure 10.

The mass distribution causing the second largest temperature
differences 1n the wing was that associated with the large masses
of fuel in the wing. As may be noted from figure 9, the tempera-—
ture of the fuel during the dive increased only slightly, while
the temperature of the skin rose rapidly and the temperature of the
stringer immersed in the fuel assumed an intermediste position.
Some indication of the effect of the presence of the cold fuel on
the temperature difference between the skin and the stringer can be
obtalned by & comparison of the data in figure 9 with those for a
similar structural configuration and dive without the presence of
fuel (fig. 5(b) ) . The temperature difference between the skin and
the stringer at the end of the dive is seen to be about 10° F without
fuel and 20° F with fuel. The fuel would have had even greater
influence on the temperature difference between the skin and the
stringer had time been allowed before the dive for the fuel tempera—
ture, which was about 20° F at the start of the dive, to approach
more closely the ambient-alr temperature of —60° F.

A factor which would have a modifying influence on the
temperature differences as previously discussed, 1s the insulating
properties of a relatively thick layer of paint., The magnitude of
this factor is indicated in figure 11 by the difference between the
skin temperature and surface temperature when the surface is coated
with such a layer of paint The temperature difference was found
to be approximately 20° F at the termination of the dive at the
highest rate of vertical descent. It 1is of interest to note that
the insulating actlion of the palint was sufficient to produce a
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greater temperature drop through the paint than existed between
the skin and the adjacent stringer. This fact would suggest that,
for the transient condition, both thermsl stresses and undesirable
high surface temperatures can be alleviated by the use of paint.

In an attempt to arrive at some means of generalizing the
foregoing results, a comparison has been made of the experimental
temperature differences between the spar cap and the adjacent skin
and the computed differences based upon simplifying assumptions.
The skin and spar—cap region selected for the comparison was the
upper surface of the right wing at 20 percent of the wing chord,
station 76 (fig. 3(a) ). A sketch of the skin and spar cap is shown
in figure 12. The calculation procedure employed was to set up
equations which represented the heat flow for the spar cap and the
adjacent skin for any time increment, and then to solve the equa—
tlons by a step-by—step solution from the start to the end of the
dive. The equations and the assumptions involved in thelr gsolution
are discussed in the appendix of this report.

The calculated skin and spar—cap temperatures for flights 1, 2,
and 3 are compared with the observed values 1n figure 13. At the .
termination of the dives, the calculated temperatures are somewhat
higher then the measured temperatures, but of most interest is the
temperature difference between the skin and the spar cap. The - ‘
calculated temperature differences between the skin and the spar
cap at the end of the dives At, in figure 13, are 1n good agree—
ment with the measured temperature differences, and the method
provides a means for predicting the temperature differences to be
anticipated for arrangements and dives beyond the scope of the
present tests.

To obtain an indication of the effects of increases in the. rate
of descent and also changes in the mass of the structure on the
temperature gradients, calculations have been made for three differ—
ent size skin and spar—cap combinations for a rate of vertical
descent range from 200 to 1100 feet per second. One of the three
designs selected corresponded to the test airplane spar—cap and
skin combination previously analyzed (figs. 12 and 13) and the
remaining two designs were similar but larger to correspond to the
probable sizes required for strength at higher diving speeds. For

rates of vertical descent in which the speed of the airplane would
be in the transonic and supersonic regions, the alrfoil sectlon was
assumed to be dlamond shaped with a wedge angle at the leading edge
of 8°, The location of the spar cap with respect to the leading edge
was assumed to be the same as that on the wing of the test airplane.
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The calculated tempesrature differences for the three skin and
gpar—cap arrangements arc pressnted in figure 1k for dives from
35,000 feet to 5,000 fest. An examination of figure 1L indicates

“that,at high rates of vertical descent, = skin and spar—cap

combination such as that on the test airplane (curve A) would
experience an appreciable temperature difference. However, 1f both
the skin and ths spar cap are increased in mass, & reduction in
temperature difference results. Tnis effect is indicatec by curves

B and C. The reduction in tempsrature difference is due to the
increased hsat capacity of the thicker skin and also to the increased
cross—sectional area of ths skin available for heat flow. Thus, 1t
lg seen that the increased structural mass required for sirength at
the higher diving speeds tends to compensate for the increased rate
of boundary-layer temperature rise resulting from aerodynamic heating
and change of altitude. Whether or not this compensation will be
adequate to eliminate entirely the problem of thermal stresses
depends upon the particular airplane and the conditions of the dive.
The method of calculation presented in this report provides a simple
means for computing, at least for the single case of a skin and spar—
cap combination, the approximate magnitude of the temperature differ—
ences to be expected.

Of considerable interest with regard to the curves, shown in
figure 1k, would be comparisons between the predicted values and
actual test data for the various skin and spar—cap combinatlons.
One possibility for obtaining such test data and also as a
guggestion for future research would be to heat the surfaces of a
typical structural arrangement by means of heating pads or lamps.
The amount of heat applied to the surface could be varied to obtadin
rates of changes of the surface tempsrature similar to those
encountered in flight. Temperature gradients throughout the
structure could then be readily msasured. This test procedure has
an advantage over the analytical approach because 1t eliminates the
uncertainty associated with the assumption of a perfect thermal bond
between the componsnts of the structure.

Thermal Stresses

The evaluation of the actual thermal stresses induced in a wing
structure as a result of temperature gradients 1s a difficult problem.

This 1s partially due to the fact that a wing structure isg not a
rigld body and, consequently, some movement between the structural
components may occur and thus relieve some of the thermal stresses.
However, an indication of the thermal stresses induced in the wing
of the test airplane was obtained by comparing the temperature
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gradients found in this investigation with the temperature gradients

and resultant thermal stresses observed in reference 3. In this

investigation, heated air was supplied to the leading edge of the

wing of a large twin—engine transport airplane and the temperatures 1
and stresses of the wing were measured at various positions on the

chord at two wing stations. As a result of the relatively warm

leading edge tending to expand, compression stresses were induced

in this portion of the wing, while tension restraining forces were

generated immediately aft of the leading-edge heated region.

As may be noted in figure 10, the skin panels at the leading
edge and between the two main spars were relatively warm as compared
to the two main spars. Therefore, on the basis of the stress pattern
found in reference 3, it seems reasonable to conclude that, consider—
ing only the thermal stresses, the skin panels would be in spanwise
compression, while the spars would be in spanwise tension. A first
approximation of the compression stress in the skin can be made by
assuming the skin area Sg to be completely restrained from expansion
by the spar cap and the rest of the wing structure. (See sketch of
the gkin and spar-—cap Junction in fig. 12.) If it is assumed there
is no buckling action, the compression stress in the gkin for
complete restraint fg,, can be readily calculated for any observed
temperature difference between the skin and the spar cap. In the
actual case, the value of fg,. would be reduced by the fact that
the spar cap would elongate somewhat., For the purpose of this
report, the assumption was made that the actual stress in the skin
fg and the spar cap fg would be related to the completely restrained
skin st;pss fsI as follows:

Yo7 s‘
fs = 75 For
and
fe = ZE fg
Je °F

where yg and jy. &are the thickness of the skin and spar cap,
respectively, as shown in figure 12.
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Based on the foregoing assumptions, the calculated stresses in
the spar cap and the adjacent skin, at wing station 76 of the test
alrplane, are presented in figure 15. The computed stresses, as
shown by the data points in figure 15, were calculated from the
temperature difference between the skin and the spar cap as found
at the termination of the dive in flight 1. The tension stresses
are the stresses in the spar cap and the compression stresses are
the stresses in the skin. The tasis for fairing the stress curve
in figure 15 was the pattern of the thermal stresses which was found
to occur in the heated wing in reference 3. The chordwise tempera—
ture distribution curve upon which the computations are based and
which 1s shown in figure 15 is the same as the curve shown in
figure 10 for flight 1, with the exception of the spar—cap tempera—
tures. The spar—cap temperatures, which are indicated by the dips
in the curve, are the average temperatures between the upper and
lower surfaces of the spar caps.

As shown in figure 15, the maximum compression stress in the
skin is seen to be of the order of 6,000 pounds per square inch,
and occurs at the rear spar cap. For the test airplane, a
compression strese in the skin of this magnitude is nolt considered
critical. In future aircraft, the induced thermal stresses may
merit careful consideration, depending upon the flight conditions
and the design of the wing structure.

CONCLUSIONS

Baged upon a congideration of observed temperature gradients
which occurred in the wing of a high-speed fighter alrplane during
dives from 35,000 feet to 5,000 feet, 1t is concluded:

1. Temperature gradilents which are produced in an aircraft
structure as a result of sudden changes in the surface temperatures
are essentially a transient condition, and as such are determined
mainly by the relative size (thermal capacity) of adjacent structural
members and the rate of change of surface temperature. The thermal
bond between adjacent structural members would be an Influencing
factor.

2. For alrplanes simllar to the test airplane and subjected
to dives of the same order of rate of vertlcal descent, the tempera—
ture gradients and thermal stresses will be appreciabls but of
secondary importance as compared to stresses due to asrodynamic
loads.
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3. TFor structural arrangements and flight conditions beyond
the scope of these tests, the seriousness of the thermal stress
problem will be dependent upon the specific airplane and operational
conditions. Exploratory calculations indicate that the increased
structural sizes required at increased diving speeds will greatly
alleviate the temperature gradient problem.

4, The order of magnitude of the temperature gradients between
adjacent components of the structure can be calculated, provided a
reasonable assumption of the degree of. thermal bond between the
components can be made. In the present analysis, the assumption of
perfect thermal bond provided good agreement between calculated
and obsgerved values.

5. The evaluation of the thermal stresses generated in an
alrcraft structure by the existence of thermal gradients is
difficult and probably inaccurate at the present time. The
recommendation ig made that further data be obtained to enable a
more complete evaluation cf thermal stresses.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif.

APPENDIX

The method used to determine the skin and spar-—cap temperatures
was to establish a heat balance for a unit spanwise length of the
spar cap and a unit spanwise length of the skin adjacent to the
spar cap. The equations determined in this manner were then solved
simultaneously for short intervals of time in a step-by—step manner
throughout the dive for the skin and spar—cap temperatures. A
sketch of the skin and spar cap is shown in figure 12 in order to
assist in interpreting the equations for the heat flow to the skin
and the spar cap. The equation used for heat flow to the spar cap

was

2TKA (t82“t02)

ThSc (ta—tc,) + = We cp (teg—te,) (A1)

1

and for the skin
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TkA (tgo—teo)
1

ThSg (te—tg,) — = Ws cp (tgy—ts,) (A2)

The symbols and subscripts used in equations (Al) and (A2)
and the symbols shown in figure 12 are defined as follows:

A cross—gectional ares cf the skin for heat flow, square feet

cp specific heet, Btu per pound, OF

h surface heat-transfer coefficient, Btu per hour, équare foot, OF

k thermal conductivity of aluminum, Btu per hour, square foot, Op
per foot

1 distence for heat flow between skin and spar cap, feet

S heat—transfer surface ares, square feet

t terperature, ©F

W weight of material, pounds

T interval of time, hours
Subscripts

a refers to air

c refers to spar cap

8 refers to the skin

1,2 the beginning and the end of time interval T

Equations (Al) and (A2) do not take into considerstion heat
trensferred by rediation, since it would be emall at these surface
terperatures and altitudesg; also the heat transferred by convection
to the eir inside the wing was sssumed negligible. The equation
used for the determination of the surface heat—transfer coefficient
was that given in reference U for turbulent flow. The use of &
surface heat—transfer coefficlent for turbulent flow was based on
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the local Reynolds number at the spar—cap location which varied
from epproximately 1,500,000 to 6,000,000 throughout the dives.

The area of the spar cap Sc used in equation (Al) was the
gurface area of a 1—-foot length of the spar cap. The area of the
gkin Sg used in equation (A2) was based on & 1-foot length of the
gkin and on a width which was considered as representative of that
portion of the skin which transferred heat to thé spar cap, namely,
between the spar cap and the adjacent gtiffener. The distance for
heat flow 1 Dbetween the skin and the spar cap in both equations
(A1) and (A2) was taken as the distance between the spar cap and
the center of the surface area of the skin. Since the spar cap
received heat from the skin on either side, the total heat
transferred to the spar cap was assumed twice that transferred
from the skin on one side of the spar cap. The temperature of the
air ty 1in equations (Al) and (A2) is the temperature of the air
in the boundary layer. The boundary-layer temperature was considered
to be the ambient-air temperature plus the temperature risg asg occurs
in the boundary layer due to the digsipation of kinetlc energy into
heat energy. The temperature rise due to the dissipation of kinetlc
energy was assumed to be 0.9 of the full adiabatic temperature rise.
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TABIE I.— WING STRUCTURE TEMPERATURES AS MEASURED DURING DIVES OF THE
AYRPLANE FROM 35,000 FEET TO 5,000 FEET PRESSURE ALTITUDE
FLIGHT 1 .
Thermo]
couples 81 w2 M3 ML 5 M6 s7 B 89 s10 s11 M2 813
T1u0 | Tomp,| Time | Temp.| Time | Temp. | Time |Temp. | Time |Temp.| T1me {Tomp.| Time JTomp.| Time [ Tomp. | Time | Temp. | Time |Temp.| Time |Temp. | Time |Temp.{ Time |Temp.
(mtn)] (°F) | (atn)| (°F}|(min)] (OF) | (min}] (°F) | (min)] (°F) | (min}| (°F) | (min)] (OF)|(mtn)| (°F) |(min}] (°F) {(min)| (°F) | (mtn)] (°F) | (mtn)] (F}](min)| (°F)
1.03] =3uf1.05] -33] .07 —e9]1.08f 31 1.17] —3u]1.12| 7] r.28] s3]1.33] ot} 46f1.73| M8 a.75| 9] 1.77] s3] 1.78] -s3
1.2 3u]1.93] 34| 1.95] =30 1.97] —33[2.05] -35] 2.0 [ —38]2.17] 9| e.02] do]2.13] -45{2.a5] -bs|e.17] A4s5]2.a8] s1fe.2 | -u8
3.35]| 31| 2.37| =32| 2.38| —30 | 2.40| —32 | 2.48| —34] e.b3| —37] 2.6 30| 2.5 —37f2.57f —37][2.58] -29[2.6 | =26 2.62| —30] 2.863| -2
2.78] -19| 2.8 | -23]{2.82] -29]|2.83] 29| 2.92| —31}2.87| ~31] 3.03 1| 2.88] -26|2.97| —e1]2.98] —7]|3.0 1]3.02f ~13]3.03 1
3.27 0] 3.28 =71 3.30] —e2{3.32| =23]3.20f -5 3.35| -19| 3.52 k] 3.37 4| 3.37 -313.38 15] 3.4 26| 3.k2 13] 3.43 29
3,78 23] 3.60 k| 3.82] -1b]3.83| -11]3.92] -14]3.87| 1] k.03 56| 3.88 18| 3.78 19]3.8 37| 3.82 491 3.83 Wl 3.85 53
4,27 35| 4.28 29| 4,30 4| h.32 1] 4.50 2| b.35 151 4.52 67| 4.37 3L] 4,2 351 b.22 501 k.23 61| k.25 59| k.27 66
vors| b7 ber7]. M| A8 814.80] 15| .88 9| 5.83] 28] 5.0 72| 4.85] Usjh.65] s5)u.67| S8} 4.68] 67| k.7 68| u.72] 73
s.3] efs.ts| 8[s.mr] 5.8l 3r]|s.87] =29is.82] 46| 5.98] 81fs5.83] 59]5.07) 53f5.08| 631530 65f5.12f 7o s.33] 75
6.75 72§ 6,77 10 6.78 9| 6.80 53] 6.88 L} 6.83 58] 7.0 86| 6,85 68| s5.u7 58§ 5.48 66| 5.5%0 72| 5.52 73] 5.53 6
7.82) 79|7.83] 76)7.95| 60|7.87] 63|71.95} 56]7.9 67]8.07] 89| 7.92] 75]|5.88f 6315.9 1) 5.92| 716]5.93] 76[5.95] &
8.52 821 8.53 81 8.55 68| 8.57 T0 | 8.65 651 8.6 12| 8.76 9| B.62 78| 6.72 721 6.73 77} 6.75 82| 6.77 82| 6.78 85
o --1--1--1--1T-=-t--1--1--T--1--{ -~ --| --} -~ -=]7531 16j7.55] 80|7.57| 8uf7.58] 84f7.6 87
FLIGHT 1
ggﬁ;;’g; a1h M5 M6 M7 818 M9 520 w1 A22 A23 = M25 526
Time | Temp.| Time |Temp,| Tims | Temp.| Time | Temp.) Time | Temp. | Time |Temp.| Time | Temp. | Time JTemp.|Time [Temp.| Time |Temp. | Tine [Temp.| Time | Tomp. | Tine [Temp.
(mtn)] (OF) | (m1n) | (°F) | (man)] (OF) | (min)| (°F) | (m1n)| (°F) [(nin)} (°F) | (min)] (°F) |(min)| (°F) | (min)] (°F) | (mtn)| (°F) |(mtn)| (°F) | (min)| (°F) | (min}| (°F)
1.80 | -b5]1.80] 251,831 H3|1.85] ~k1|1.30f Ahi1.32] A5 11.37 —h3]0.98| L1|1.33] ~36[1.35} ~38]1.28] ~33]1.18| -38|1.2 k3
2.01 | <bsl2.23 ] s fa.es| se|2.27| L2 2.18] —39)2.20] 43 ]2.25) =37 |1.87]| -boj2.22] 30 2,671 -23|2.07| ~33§2.08] —37]2.1 ~ho
2,65 —38[2.67] 40 ]2.0] 39(2.70] 1 2.62 | -17]2.63 f —27[2.68 5 [2.30| -37|2.65] ~e2|3.10 —9]2.5 =32 2.52] -3k]2.53| -1
3.05 | —27}3.07 | =32 [3.08] —31]3.10}F —37] 3.05 16 { 3.07 3]3.12 26 [2.73 ) -17]3.08 1[3.58 1h | 2,93 | ~27|2.95| -e2|2.97 [
345 | =12[3.47 ] 19 [3.48] —1813.50| —29] 3.53 50 [ 3.55 Lo [3.60 58 | 3.22 1k [3.57 30 [ k.10 28 3.2 | ~19]3.13 ~1]3.%5 32
3.87 §13.88] -3 |3.90] —5|3.92| 19| %.05] 7tolu.or| 63 sa2] 73]3.73] 47fb.08] kgfu.s8) mal3.93] —513.95] 18[3.97] 56
L.30 20 | 4.30 1 | 4.31 7| 433 8| 4.53 78 | 4.55 T4 | 4.60 7 | 4.2 66 | L.57 6z | s.07 50.% 4,42 9lu.b3 3h | 4,45 [
s3] 32[uer5 | o5 [ker7| a9 s.78 & 5.021 8 }5.03 75 [5.08| 8[| 7% (505 68]6.05 57| 4.9 23| h.92 B3| T
5.05| L0}5.17] 35]5.18] 28]5.20] 18] 6.0 B5[6.02| 62[6.07| B8)5.68] 79]6.03] 7h[7.07] 6[5.88] 8359 59|5.93] 6
5.55 L7 ['5.57 2 ]5.58 35 [ 5.60 24| 7.02 88 [7.03 B7 [ 7.08 83 (6.7 B8k }7.05 B118.13 0| 6.90 57 §6-92 69]6.93 E:5)
5.97 53]5.98 49 16,0 43 | 6,02 32| 8.09 90 | 8.10 89 |8.15 89{7.77] 88]8.12 8y {8.83 75| 7.97] -6617.98 74 8.0 8l
6.80 65 | 6.80 & | 6.83 56 [ 6.85 k7{8.78] 89|8.80 8318.83 91 {8.47 85 | 8.82 8| ——| —-}8.67 7218.68] 78]8.7 86
né| 72|7.63| 69[7.65] 66j71.67] 8} ~~{ - -] --} -] -] - -] -] -] -] -~} ==} === -~} -} -={ -~
FLIGHT 1
Z:z‘;lm; M7 »8 829 F3il 832 M33 83k 835 836 M37 she M3 BYL
Time | Tomp.| Time [Temp.| Time'| Tomp,] T1ms {Tomp. | T1me | Tomp. | Time |Temp. | Time [Temp. | T1me | Temp. | T1we |Temp.| Time | Tomp. | Time | Temp. [ Time | Tomp.{ Tiumse | Tagp.
(mtn)] (°F) | (min)| (°7) | (min}| (°F} | (m1n) ] (°F) |(mtn)] (°F) [(mtn}] (OF) |(mim)| (°F) |(min)| (°F} | (man)] (°F) | (min)}| (OF} | (min)| (°F) | (mtn)| (°F) | (min) (6511'?)
T.23| 44| 1.25| —u6|1.27| 46]1.98] -8|2.02] —e3[2.0 | —27]2.03] et Je.05] —kef2.07] ~b2}o.08] Ha{1.87[ -58]|1.95] -56]1.02] 56
2.2 &3] 2.3 ws]2.a5] o] 11 a3 <17 |2.ke | a7 2.5 -L7 Je.47) —24]2.48) -3k]2.50] 37 2.28| u7]2.37] -51{2.33] -48
2.55| -38] 2.57| -37f2.58] —25{2.83} ~15[2.87 1]2.85] -9]2.88 1 |2.90 2| 2.92| -13]2.93] —e1]e.te| -16{2.80| 37|2.75] -5
2,98] —26]3.0 | -a7]3.02 1]3.23] a4 |3.27] 20f3.25 5]3.28] 21 [3.30] e21]3.32 9{3.33] -1[3.2] 15]3.20] -a4[3.17] 28
3.07] | 3.88] 10|30 nfs.e3] aafs.6r] 38]s.65] 17]3.68] w]3.o] sof3.ral 30l3.73] 20]3.52) 3.6 9]3.57| 5%
3.98 18] k.0 33| b02 55{ bos{ -8|54.08 49 {4.07 27 f k.10 50 {L,12 62§ 4,13 hg{ b5 5 |3.93 61| k.02 33]3.98 k%)
LT 37] 418 50 | %.50 65| k7] —25.50 s2 [5.88] 32 [h52], 55 {453 69 k.55 591 5.57] 5% |5.35] 69] 5.3 50| k.40 77
4,95 511 b.g7 61] 4,98 TL| k.92 3495 53{%.93 33 [ k.97 57 |4.98 T1f 5.0 651 5.02 61 | k.80 Th] 4.88 60 | 4.85 80
5.93] 65]5.95] TL|5.97] 79]5.33 6]s.37] suls.35] 3r[s.38] 7). 13| s.e| 67]|s.u3] 6s]|s.e2 7hs.30] €6[s.27f 78
6.95 ] 6.97 80| 6.98 86| 5.73 10 | 5.77 58 5.75 ¥ |5.78 62 15.80 17| 5.82 1] 5.83 68| 5.62 78] 5.70 69 s.67 81
B.02| 18] 8.051 62|8.05| &7)6-15] 11[6.18] 62 8.17| k2|8.%0 31 82f6.25| 7516.27] 72|6.03] &2f6.12] 72|6.08] 6 |
8.2 81] 8.73 841 8.75 89] 6.98 13| 7.02 6217.0 4¥317.03 67 §7.05 83} 7.07 791 7.08 78| 6.87 86 6.95 79| 6.92 87
I I S = =17, | 18[7.83] 65]7.82] u8|7.85] 69}7.87] 86| 7.88] &2|7.0| 81[7.68] 87f7.77] 8f7.75] 88
FLIGHT 2
:23;“1‘: 81 M M3 My M5 M6 s7 w8 59 810 s11 M2
Time | Temp. | Time | Temp.| Time | Temp.| Tims | Temp.| Time | Tenp.] T1me [Tenp.| Time |Temp.| Time [Tomp.| Time | Tomp.| Time | Pomp. | Time |Temp. | Time | Temp.
(ain)] (oF) | (min)] (oF) | (min}| (oF) | (min)| (oF) | (mtn)] (oF) | (min)] (oF) | (min}] (oF) | (min}| (o) | (mtn)] (oF)} | (min}] (OF) | (mtn)| (9F) | (min)| (oF)
0.75| —37]0.77] ~36]0.78] —32]0.80] -3%]0.88] —38]o0.83] ~wo1.0 | —52]0.85] k2] 0.88f M8} 0.0 -50)0.92| ~51)0.93| 53
1.18| —36]1.20] —36) 1.22] —32|1.23] -35[1.32] —37[1.27] -do|1.83] be| 1.28] k2] 1.28) h7]1.30[ 7] 1.32) -47[1.33] 51
1.63| —30|1.65] =31 1.67| —3x]1.68] 33| 17| —36]2.72] —38]1.88] —26]1.73] —37[1.72] Hoi1.73] —36]1.75( 33| 1.77]| -39
2.07] —25]2.08] -e1[2.10] 0[2.12] -30] 2.20] 32 2.15] -33]2.32] -abf2.7] 30| 2.a2] —34]2.3] 28] 2.15] -e3] 27| 27
2.8 atbes0| -9 252 —26]2.53] ~e6]2.62] 30 2.57] 28] 2.75 of 2.58] 20| 2.53] —27{2.55] —20]e2.57| 15[ 2.58] a7
2.93| -B|e.05| -n1[2.91| =2[2.8] —e2[3.07] —=5|3.02{ -21]3.18] 18} 3.03] -15[2.92] e0f2.93] ~11fe.95] -b|e.gr] 5
3.37 7] 3.38 2| 3.50] —16] 3.42] ~1| 3.50| -39 3.45] —12]3.63 32] 3.7 -2 3.32] -8]3.33 3] 3.35 12| 3.37 8
3.88 21| 3.9 15 3.92 ~7] 3.93 5| k.02] <10]3.971] 1|43 6] 3.98 12| 3.73 51 3.72 16| 3.73 25| 3.75 23
4,33 33| L35 28| k.37 2| 438 s| kb7l -2] Lk 12| 460 58] b3 27] .12 20| ka3 3] ka5 ka| b7 38
4,85 bi|u4.87] 38[L.88] 12| h.o0] 16] k.98 B[ b.93] e3]5.10] €3] k.95 361 k53] 32 B.S5[ W[ h.57] Si] W58 5L
5.83 52| 5.85 50! 5.87 29| 5.88 33 5.97 26) 5.92 37| 6.08 671 5.93 18§ bh.os 391 k.97 8] 4,98 sh| 5.40 60
6,30 56| 6.32] sk| 6.33 35} 6.35 kol 6.43 31| 6.38| u2| 6.5 69] 6.0 s2{5.35] 451 5.37] S1i5.38 57]5.83 62
T.57| 85| 7.28] 60| 7.30] 5] T.32| 9] 7.W0] W0| 7.35] 50| 7.52] 69} 31| 58] 5.18] 0| 5.00] 55[5.88| &) 6.87] €3
8.25 63| 8.27 62 8,28 51} 8.30 skl 8,38 461 8.33 541 8,50 88| 8,35 59{ 6.63 561 6.65 60| 6.67 63} 6.68 64
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FLIGHT 2
Z’;ig‘; 513 sik Ms M6 M7 518 M9 520 M1 Az2 A23 Meh o5
Time | Teup.| Time | Temp.| Time [Temp.| Tine |Tenp.| Time |Tomp. [ Time | Temp.| Time | Tomp.| Time |Temp. | Time | Temp.| Iima [Tomp.| Timg | Tomp.| Time |Temp.| Time Temp.
(in)| (°F) | (min){ (OF) | (min)| (°F) | (min)| (°F) |(min)| (°F} [(min}{ (°F) | (min)| (°F) | (min)] (°F) | (min)} (°F) (min)| {°F) | (ntn)| (°F) |(min)] (°F) [(mtn)| (°F)
0.95| 53| 0.97] ~57]0.96] h5|1.0 | Lk]|1.02] 2af1.02] k[ 1.03] 6| 1.08] -kkfo.70] h2j3.05) —37]1.07 1] 0.03| —35]0.05] %0
1.35]| ~48|1.37} —45[1.38] 5|10l k12| af1sf —33)i.k7) 39)1.52) 29]1.13 2t 1.48] -31|1.50f —32]|0.90] ~36[1.35{ -k
T78] 32] 1.80| 0| 1.82| 1]12.83] w0 |1.85| o[ T.o0| —19f1.92] 25| 1.97] ~15]1.58| -32{1.93| —19]1.95 26 1.33] -35|1.80] -15
2.18] 20| 2.20] —35)2.22| -37}2.23] 37]|2.25] -38[2.33 6] 2.35| az|2.k0 3| 2.02] -28)2.37| -10]2.38 18| 1.78| -3u]e.23] -27
2.601 -10| 2.62] —29]2.63] —31}2.65| —31]|2.67| ~34|2.77 6| 2.78 1| 2.83 10| 2.43 —7] 2.78 1] 2.8 —10]2.22] —30f3.20] -10
2.98 2] 3.0 | —21]3.02| —2k|3.03] —ek|3.05] —=29]3.e0] ee|3.22] 16]|3.27] 28]2.88 5] 3.23] 12]3.25 o] 3.08[ —oft.05] 16
3.38] 18] 3.%0] 11]3.k2] —15713.43] -15]3.45] -@2 3.65 39/ 3.67 33| 3.72 431 3.32 21]3.67| 26]3.68] 15} 4.03 -2| 5.02 37
3477 31| 3.78 o] 3.80 -5 3.82 -5]3.83] -1k]| k.15 56| 4,17 50| k.22 60| 3.83 37| 4.18 ¥ | k.20 27| 5.0 19| 6.0 50
4.18 L8| k.20 1% | k.22 7| 423 6l b5t 4| k.62 62| 4.63 601 L.68 63| k.28 53| 4.63 51| h.65 35]5.98 361 6.47 52
4,60 57| 4.62 24 | k.63 18| .65 16| .67 6] 5.12 65| 5.13 63| 5.18 64| 4.80 621 5.15 571 5.17 k2| 6.45 | 7.43 56
5442 63] 5,03 325,05 28] 5.07 2k | 5.08 15| 6.10 691} 6.12 67| 6.17 671 5.78 65] 6.13 62| 6.15 51| 7.41 bol 8.42 58
5.85f 65| 5.43 39{ 5445 35| 547 32| 5.481 23| 6.57 68} 6.58] 68] 6.63 68| 6.25 671 6.60 63] 6.62 sk | 8.40 531 9.42 60
6.28 66| 5.87 Lk 5.88 421 5,90 381 5.92 31] 7.53 681 7.55 68 T.60 681 7.22 67| T.57 6] 7.58 58] ~.uo 56 w -] - -
6.70 66| 6.30 50| 6.32 46| 6.33 | 6.35 27| 8.52 67] 8.53 671 8.58 67) 8.20 68| B.55 65| 8.57 6| -~] -} -~} ~=~
FLIGHT 2
:2:;;‘:; s26 M7 M28 829 F31 532 M33 83k 835 536 M3T ske M43
Time | Temp.| Tims | Temp.| Time |Temp.| Tine |Temp.| Tims |Temp. | Tine | Tomp. | Tirs Tonp.| Tims fTemp, | Time [Tomp.| Time [Temp.| Tius Tomp,| Tino |Tomp. Time | Temp.
(mtm) | (°F) | (wtm)]| (OFY | (mtn)| (OF) | (mtn){ (°F) | (mim) | (°F) | (min)| (°F) | (min)| (°F)] (min)} (°F) | (min) (°F) [ (mtn)| () [ (mtn)| (°F) | (mtn) | (°F) | (min)| (°F)
0.07] 56| 0.95] 45| 0.97] 8| 0.98] u8|1.15] —28[1.18] 3k[1a7] -30f 1.20] -32i1.22) -38] 1.23] —39(1.25 -38]1.03| -53f1.32] 52
0,931 86| 1.38| k5 f1.b0| 5| 1.2 b2 1.55] —31|1.58] —25[1.57) e8| 1.60| -ek|1.62] ok 1.63] —30] 1.65| —33|2.83] o] 1.52] W7
T.37] 39| 1.83| —38|1.85| —35]1.87] —e8|1.98| —3k|e.02| -19[2.0 | —ekf2.03] -19]2.05] 16} 2.07] 22 2.08] -25]1.87| —=25]1.95] 36
T.82| 28| 2.25| 9] 2.28] 25| 2.30] —17|2.38| 33 |2.k2]| 13| 2.b0| —eo[2.b3] 13| 2.ks| —7fe.b7) 13} 2.48| -16] 2.27]| -13[2.35 2k
2.25]| 16| 2.70| 20| 2.72| -15] 2.73| -6]2.80] —32]2.83] -5]2.82] -1h|2.85] -h[2.87 5| 2.88] 2.0 -8]2.68] -2fa2.77f k] ~
3.2 10| 3.13] —10]3.15] —3]3.18] 10]3.18| -30l3.22 7] 3.20] -8]3.23 813.25] 20] 3.27 8| 3.28 2| 3.07] 11]3.5 b
.01 43| 3.58 3]3.60] 13|3.62| e6{3.58] -28]3.62 17] 3.60 of 3.63 17| 3.65 31| 3.67 20} 3.68[ 1k 3.47 28] 3.55] 11
5.03 s56] 4.08] 17| k.o]| 28| ka2 W 3.97 ~251{ ko 28| 3.98 6| k.02 31| k.03 16| 4.05 33} ko7| 26| 3.85 40| 3.93 25 4
€02 €L| 5.55| 311 k.57] 2| %.58| 53| 4.38| —ee| k2| 37| b.k0] 15[ hb5| Mofl.as) 55[ A7) W5 h.B| ko) b.27 s56[ k.35] k2
6.48 63| 5.05 ko1 5.07 50| 5.08 58| 4.80| -19| k.83 39| %.82 17} 4.85 L2 | .87 59| 4.88 51 .90 k9| 4.68 61| k.77 52
IS B[ 6.03] 53| 6.05] 58] 6.07| k| 5-62] 9] 5-65] 3| 5-63] o] 5.67] b7|5.68| 63]5.70] SB| 5.72] 56]5.10 &3 5.18] 57
8.3 64| 6.50] 56| 6.52 61] 6.53 65] 6.05] 6] 6.05 45] 6.07| 26| 6.10 8] 6.12 64} 6,13 60| 6.15 59] 5.50 65 5.58] 60
9.43 64| 7.47 60| T.48 62| 7.50 66| 6.48] 4| 6.52 461 6.5 28| 6.53 91 6,55 651 6.57 61} 6.58 60| 5.93 67| 6.02 62
=] -—| 8.45 62| 847 64| 8.8 67| 6.50 o} 6.93 L] 6.92 30[ 6.95 501 6.97 65| 6.98 631 7.0 62| 6.78 69| 6.87 65
FLIGHT 2 FLIGHT 3
3’0‘3;‘{‘:; S s1 M2 M3 My w5 M6 s7 M8 s9 510 s11

Tz | Temp. | Time | Tenp. | Tims | Pomp. | Time |Temp. | Tims [Tomp. | Tims [Temp.| Tims |Temp. | Time iTemp, | Time | Temp. f Tiwe | Tomp.| Time |Toup. | Time }Terp.

(min)| CF) | (min)| (oF) | Guin)| (9F) [ (min)] (°F)|(min)| (°F) [ (min)| (F) | (mtn)) (°F) | (min) (9F) [(min)| (°F) [(min}] (°F)] Gutn)| (°F} | (min}] (OF)

1.08| -s4 [l 0.82] —oi| 0.83] -e|o0.85{ -23|0.87| -e3|0.07| —30) 0.02 —304 0.18] 47| 0.03] —3%|0.53}] -37] 0.55 38| 0.57{ -lo

1..8] 46 [l 1.68] —e3|1.70] 23] 1.72] 23 1.73| e[ 0.95] 30| C.90 ~30| 1.071] -38{0.92] —=33|1.35] —32| 1.37| -30 1.38{ -30

T.92| —32 || 2.55| —e0| 2.57| —eo|2.56] —eo[=.60| -e1|1.82] —eg|1.77| -28[1.93] -85 1.78] -28[2.13] -e5| 2.15| —e2fe.17| -0

2.32] -e1 ] 3.45( 13 3.k7] —1k| 3.48] -17|3.50 18] 2.68] 26| 2.63| 22| 2.8 -13]2.65] —20]2.53] 2| 2.55| 20| 2.57| -17

2,73] O k.33 £ 435 B[ 037 —i1| %.38] -12] 3.58] =22} 3.53] -15] 3.70 513.55] —1312.93] —-19] 2.95| -16] 2.97] -1b

3.12 13 5.53 12| 5.55 8| 5.57 0| 5.58 of s.u7f 16| kb2 -9| 4.58 12| 443 k| 3.33] ~16] 3.35| -1k 3.37} -11

3.52 20 || 6.02 20[ 6.03 17| 6.05 4| 6.07 6] 5.67 -5 5.62 6| 5.78 291 5.63 12] 3.63} =13} 3.75 -] 3.77 -6

3.90 ug N 6.18 28} 6.50 2h| 6.52 11| 6.53 12 6.15 0| 6.10 11| 6.27 39] 6.12 20| 413 -8} 4.15 | b7 )

b,32 &4 | 7.00 39| 7.02 34| 7.03 18} 7.05 20| 6.62 &l 6.57 171 6.73 L9{ 6.58 27| k.52 —2} k.53 3] k.55 8

LT3 65 7.58 sk| 7.60 8| 7.62 25| 7.63 291 7.13 13 7.08 251 7.27 63{ 7.10 38| k.go 3| u.92 10] %.93 1h

5.15 65 ] 8.12 651 8.13 60| 8.15 3k B.17 38} 7.72 22) 7.67 361 7.83 8! 7.68 50| 5.70 13{ 5.72 20| 5.73 25

5.55 67§ 8.63 74| 8.65 69| 8.67 L2} 8.68 181 8.25 31} 8.20 471 8.37 89| 8.22 621 6,10 zol 6.12 28| 6.13 33

el @ S B[ 95| 77 9] 5i] 98] 56| 8.73] W] B.12| 55| 8.88| oh| 8.73| 9] 6.96] 35| 6.2 W[ E.93] 5T

5.83] e8] 5.68] 85| 9.10] 82| 9.72| s59] 9.73| 63] 927 48] 9.e2] 6] 9.38| 98] 9.23] 177} 7-73 s6] 7.75] 68| 1.77| 76

A - T~ - = <~ —<f9..e| s7|omt] w] --1 -] =] -=]9.00] 71f9.02] 8j9.03 %
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(min)] (°F) |(min)] (°F) [(nin)| (°F) | (min)] (°F) | (nin)] (°F) | (min)] (%F) | (min}| (°F) | (nin)} (°F) | (=in)| (°F) [ (min}] (°F) | (nin)] (°F)] (nin)] (°F) | (min)} (°F)
0.63| ~b42 [0.65| 43 |0.67] =37}0.68] -36]|0.7 -3310.72| ~32}0.20}] —28]o0.22| —30)0.27| ~28|0.77] —=28]o0.23} 20} 0.25] -2k |0.08] 29
a5 b {1.7| —30[1.48] —33712.50[ —33(1.52)] 32]1.53] 32]1.08| -271.10| —29}1.15{ -o7f1.63] —e3]1.02] 9] 1.3 -20]0.97] o9
2,23 e3l2.25] 20 |2.27] —28(2.28] —30]12.30] ~30{2.32| =31]|1.95| =e0{1.97| -e3]2.02] ~20|2.50| 15| 1.98| ~17{ 2.0 ~17]1.83| -28
2.63| ~18|2.65] 16 |2.67| ~r6{2.68] -28l2.10| —=27f2.72] -29|2.82| -11(2.83| —ihi2.88| ~11]3.%0 7] .85 -1012.87]| -w0|2.70] ~23
3.03| —15(3.05| ~12}{3.07| -2k [3.08] -25]3.10| —25]3.12] 28f3.72 —3|373 -53.718] -2]|b4.28 4] 3.75{ ~3}3.17] -5|3.60f -18
3431 <11 [3.45] -5 3.7 22 |3.48) —23]3.50| -23|3.52] 5] k.60 13 | k.62 9| u.67 14| 5.48 251 k.63 8} k.65 W[ u.88] 11
3.83 -81]3.85 -h £3.87| ~18]3.88] -20[3.90| -20|3.92| -e]|5.80 35| 5.82 31)5.87 35| 5.97 321 5.83 26| 5.85 20| 5.68 2
4,23 -1 k.25 3 fphe7| -1k [4.28] 16| k.30] -17|b.32]| 20| 6.29 43| 6.30 Lo | 6,35 451 6.43 k1| 6.32 33} 6.33 o7 6.17 9
L.62 6| 4.63 11 | k.65 1467 124,687 13| 4.0 -27] 6.75 54| 6.77 511 6.82 57| 6.95 531 6.78 431 6.80 36|6.63 15
5.0 14 | 5.02 18 | 5.03 ~4 | 5.05 =1} 5.07 -815.08] -13] 7.28 70 | 7.30 65| 7.35 Thi 7.53 691 7.30 55| 7.32 5| 7.15 23
S50 19]s5.02]  2305.43 1]5.85) 2[5.47 -3})5.88] -9|7.85] 88]7.87f 82|7.92| 90| 8.07}] &4 7.88] T 7.%0 551 7.73 32
5.80 2515.82 29 ] 5.83 7}5.85 3]5.87 3[5.88 -5| 8.39 9k | 8.30 52| 8.45 9k | 8.58 911 8.k2 8o] 8.43 63} 8.27 L2
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FLIGHT 3
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Tiew [ Temp.| Timg [Temps| TMme | Tomp. | Time [ Temp.| Time [Temp. | Time | Tomp.{ Time [Temp.| Time |Temp. | Time {Temp. | Time Temp. | Time }Temp.| Time [Temp.| Time |Temp.
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0.10] —3u]o.e| 39f0.03] 37[0.5{ ~38f0.a7] ~39]0.01 ofo.05] 1] o.03] -6{0.01] 11 0.08] 33 0.0 31} 0.x2| —29]0.73] &7
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k.50 ~3| b.52 8| k.53 -2 | k.55 1 b4.57 9] 3.25) -10] 3.28 -] 3.27 ~8] 3.30 -8]3.32 =9 3.33] -12f 3.35| -13| 3.53 =1
5.70] 1k} s5.72] 27]5.13) 16[5.75| 191 5.77[ 28{3.65] 20|3.68[ 5]|3.67| -7[3.70] -5{3.72] -5}3.73] ~9]3.73| -1013.93 o
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-] =] -] - =] -} =~ ==} ~-| ~-}8.05 12| 8.08 67| 8.07 45| 8.10 70{ 8.12 86] 8.13 77| 8.15 72| 7.93 85
-l --l--l--1--1--1=----}t -] --[932] 21]9.35] 76]9.33] 55|9.37] 8]9.38] 98]9.b0o] 92| 9.52] 8g9]o9.20] 99
FLIGRT 3 FLIGHT 4
:‘;:;?:; 543 sl ¥30 FiL s32 M33 534

Time |Temp. | Time {Temp. I} Time |Temp.| Time | Temp.} Time } Tomp. | Time | Temp.] Time [Tomp.

(min){ (F) {(mtn){ (°F) || (win)} (°F) [ (min)| (°F) | (nin)] (°F) |(min)| (°F) |(min)| (°F)
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2,82 2k |2.78] ~10 J 2.10| 2h|2.37 6l2.50] 16[2.38| 10|2.k2) 1%
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(a) Arrangement on test airplane

(b) ldealized arrangement

Figure 12.— Skefch of the skin and spar-cap to illustrate
the method of calculating the skin and spar-cap
temperatures.
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